Abstract. Since the late 1980s, satellite-based global positioning systems (GPS) have provided unique and novel data that have been used to track animal movement. Tracking animals with GPS can provide useful information, but the cost of the technology often limits experimental replication. Limitations on the number of devices available to monitor the behaviour of animals, in combination with technical constraints, can weaken the statistical power of experiments and create significant experimental design challenges. The present paper provides a review and synthesis of using GPS for livestock-based studies and suggests some future research directions.
Introduction
With the advent of global positioning systems (GPS), mapping features in the landscape has become a dynamic process with continuously changing information. Maps are no longer simply a series of static points and lines set at a fixed scale but can store features and images of changing spatial data within computer software that are able to shift focus and scale. Dynamic mapping has been influenced by the ability to quickly collect georeferenced data points using GPS. A GPS receives signals from orbiting satellites; based on the time it takes for the signal to reach the GPS receiver the system determines the distance between the GPS unit and the satellite. Using distance measures from several satellites, the GPS receiver is able to calculate the location of the receiver.
Tracking animals using satellite-based systems started in the late 1980s, and initial work used low orbiting satellites such as the Argos system. Location was calculated using the Doppler effect (Harrington and Veitch 1992) . These early systems incorporated low-powered transmitters fixed to wildlife subjects; the satellite receiver calculated the position and transmitted the positional data to ground-based data repositories. The positional accuracy of the Argos system was relatively poor and individual animals could only be located to within plus or minus 1 km (Harrington and Veitch 1992) . By incorporating receivers onto tracking collars and using several satellites that transmitted accurate time information, the GPS collar provided more accurate location data compared with the Argos system (Rempel et al. 1995) . Early GPS capability aimed for an accuracy of plus or minus 100 m; however, positional accuracy was accompanied by increased battery power requirements needed to run the GPS receivers. Both Argos and GPS systems automatically log data, enabling satellite animal tracking systems to collect and store more location information than was previously possible using hand-held radio-tracking devices. Unlike the Argos system, however, where the animal collar transmits a signal and the satellite calculates the position, which is transmitted to a central database, the GPS collar receives the signal from the satellite, calculates the position and stores the data on the animal collar (Rodgers et al. 1996; Bowman et al. 2000; Wark et al. 2007) .
Since the development and use of GPS for studying wild animal movement and behaviour, the technology has been refined and used to study a broader range of animal species. There has been an increased use of GPS technology to study domesticated livestock (Putfarken et al. 2008; Thomas et al. 2008; Ganskopp and Bohnert 2009; Handcock et al. 2009; Tomkins et al. 2009 ). While there has been greater use and interest in using animalderived GPS data, this interest has often failed to distinguish technology from biology and has led to compromised experimental design (Hebblewhite and Haydon 2010) . Hebblewhite and Haydon (2010) , in a critical review of GPS telemetry in wildlife studies, pointed to some of the challenges of using GPS, including cost, small sample sizes with poor population-level inference, overemphasis on fine-scale interactions, removing biologists from the field and poor links between fine-scale movement and coarse-scale habitat monitoring. While the points Hebblewhite and Haydon (2010) made are focussed on wildlife studies, they still have relevance for livestock researchers; however, there are some important differences. Researchers studying domesticated livestock are able to control and replicate experimental treatments more easily, and the experimental infrastructure (smaller fenced paddocks rather than extensive landscapes) enables finer-scale interactions to be investigated. The use of controlled replicated field-based studies that focus on detailed behavioural characterisation are driven by the important questions that need to be addressed for greater understanding of livestock production systems. For example, foraging efficiency and pasture utilisation are determined by behaviours that operate at the fine-scale (<10 m 2 patch). Using GPS for these types of studies requires a greater focus on fine-scale behavioural-based classification.
The present paper provides a brief history of the use of GPS tracking for both wildlife and domesticated livestock and considers how the history of wildlife research has influenced the use of GPS in domesticated livestock research. It then reviews the current thinking and develops ideas for the future use of GPS tracking data to better understand the behaviour of domesticated livestock. The paper explores opportunities to use spatial statistical methods to identify group behaviours, therefore avoiding the potential for social facilitation to confound the experimental design. Finally, linking behavioural preferences with landscape evaluation using a preference index is evaluated as a future direction for livestock researchers that might consider using GPS.
Brief history of animal GPS tracking
Early animal tracking used VHF radio devices to monitor the movement and habitat use of wild animals (Cochran and Lord 1963) . In the late 1980s and early 1990s, the availability of satellite-based tracking provided researchers with animal location and movement data that had better spatial accuracy and temporal frequency than radio-tracking systems (Fancy et al. 1988; Harrington and Veitch 1992; Foster 1993; Rempel et al. 1995) . Satellite tracking systems incorporated data loggers, enabling a larger number of location points to be collected automatically, without the need for researchers to spend long periods of time physically tracking animals (Hulbert and French 2001) . The Argos system is an important satellite tracking system due to the relatively low power requirement and associated small size of the transmitter that is fitted to the animal (Yasuda and Arai 2005) . However, the increased spatial precision of GPS receivers has enabled scientists studying animal behaviour to record more detailed habitat use and explore finerscale interactions, e.g. corridor use by migrating animals (Rempel et al. 1995) . The power requirements of a GPS receiver require relatively large battery packs; therefore, the technology is best suited to study larger animals that are able to carry the weight of the batteries (Cain et al. 2005; Loarie et al. 2009; Wark et al. 2009; Hebblewhite and Haydon 2010) .
A web of science search (http://wokinfo.com, verified 4 March 2010) using the terms 'GPS', 'wildlife' and 'livestock' identified 139 journal papers published between 1990 and 2009. While these terms are unlikely to capture all papers that report GPS tracking of animals, they do provide a reasonable overview of the literature. Fig. 1 shows the distribution of those papers between (1) disciplines and (2) research objectives. These data show that the early use of GPS for tracking animals put significant effort into developing the technology and methods and focussed on tracking wild animals such as moose, elk and bears in the large open landscapes of North America (Fielitz et al. 1996; Edenius 1997; Obbard et al. 1998; Rodgers et al. 1998) . The cost of GPS tracking devices meant early interpretation relied on results from small numbers of individuals (up to 10) within any given experiment.
The main advantage that GPS units provided to wildlife ecologists was the ability to automatically collect a greater number of more accurate location points (Rempel et al. 1995; Rodgers et al. 1996; Edenius 1997; Obbard et al. 1998; Hulbert and French 2001) . There were issues of data recovery as the data logger remained with the animal being studied; however, remote drop-off capability and radio beacons to locate the devices helped address this problem (Hulbert and French 2001) . Early studies that used GPS had to deal with inaccuracies associated with selective availability, which reduced spatial accuracy for non-military applications (Hulbert and French 2001) . With the removal of selective availability in May 2000, the development of improved GPS receivers, differential correction and greater satellite availability, the spatial accuracy of GPS increased beyond traditional VHF radio-tracking devices (Bowman et al. 2000) . As early adopters of GPS capability, wildlife ecologists used the technology to track animals across large open landscapes. Wildlife studies that used GPS to monitor the movements of solitary animals (such as bears) were able to compare the differences between individual animals due to the limited interactions between individuals resulting from the broadscale spatial landscapes (Graves et al. 2007; Mosnier et al. 2008) . Wild animal studies focussed on the extent of home ranges; implicit in the methodologies were links between movement patterns, independence and statistical inference (Otis 1998; Dussault et al. 1999; Zhang and Ma 1999; Welch et al. 2000; Dettki et al. 2003) .
With more widespread use of animal-based GPS tracking, researchers have become more focussed on refining and understanding the GPS technology, in particular spatial error and optimal sample interval (Bowman et al. 2000; Hulbert and French 2001; Agouridis et al. 2004; Ganskopp and Johnson 2007; Swain et al. 2008b) . As GPS data achieved greater spatial precision, it was increasingly used to address local-scale interactions (Betteridge et al. 2010) . Initial livestock-based GPS research focussed on landscape-scale interactions and proof of concept (Rutter et al. 1997) . Livestock scientists adopted similar methodologies to the studies carried out by wildlife biologists, including exploring behavioural selection of specific areas in the landscape (home range). The focus on using location data to understand livestock behavioural selection and the links with animal production attempted to address the question of grazing preferences (Rutter et al. 1997; Turner et al. 2000; Ganskopp 2001) . As GPS technology has improved, the spatial extent of studies has become more localised and individual interactions within herding domesticated herbivores has challenged statistical independence. Individual animals within a group cannot be considered as an experimental unit if their herding behaviour and interactions with other group members compromise their independence (Rook and Penning 1991) . Reviewing and identifying appropriate methodologies for future experimental design is increasingly important with the emergence of more widespread use of location data within livestock studies. The link between GPS sample interval and location error and the implications for determining accurate resource selection functions Understanding the spatial dynamics of how domesticated livestock use their environment can form the basis for developing sustainable land management practices (Andrew 1988) . The starting point for understanding spatial interactions is accurate location data. Spatial and temporal scales of interaction affect the spatial accuracy of GPS-derived animal location information. There are three factors that create inaccuracies in reconstructed spatial information derived from animal GPS data, including inherent GPS error, sample interval error and the error associated with the interaction between sample interval and animal velocity (Swain et al. 2008a) . Location error or spatial accuracy is the difference between the position estimated by GPS and the 'true' position. It has been shown that ordinary GPS data can only provide two-dimensional spatial accuracy to within 5 and 10 m, whereas differentially corrected GPS has better accuracy and is accurate to within~3 and 7 m (Moen et al. 1997; Rempel and Rodgers 1997; Dussault et al. 2001; Janeau et al. 2004; Pepin et al. 2004; Swain et al. 2008a) . The altitudinal estimates from three-dimensional GPS data can be even less accurate along the z-axis (altitude) than twodimensional data. This altitudinal error has received much less attention in the animal GPS tracking literature; however, researchers considering measuring altitude using GPS devices should be aware of this error component. The three main causes of GPS error are clock error (either satellite or receiver), atmospheric distortion and multipath (bounced signal). Environmental factors including prevailing climatic conditions and tree cover affect the ability of the GPS to receive satellite signals (Rempel et al. 1995; Rempel and Rodgers 1997) . A GPS receiver fitted to an animal can be programmed to record a GPS location at fixed time intervals; these data are then used to reconstruct the movement of the animal. The accuracy of the reconstructed movement path is determined by the sample interval of the GPS data. The more frequently the data are recorded, the more accurate the reconstruction. In addition to the sample frequency, the speed an animal moves also affects the accuracy of the reconstruction; the faster the animal moves between GPS fixes, the less accurate the reconstructed movement path will be. Using short sampleinterval GPS data and subsampling at longer intervals, it has been shown that at intervals of 1 h, it is only possible to reliably estimate selection of a 1-ha patch with 10% accuracy (Swain et al. 2008b) .
Reported GPS error values that use a static receiver refer to the maximum radial distance of a collection of points around the true central location (Ganskopp and Johnson 2007) . For example, positional data recorded at 0.5-s intervals from three stationary GPS receivers demonstrated a maximum drift of 4.4 m -this is a measure of the absolute positional accuracy of the GPS device. In all, 95% of points were within 1.6 m of the mean. That is, a circle 3.2 m in diameter encompassed 95% of the values of the stationary GPS devices (Swain et al. 2008a) . By using short sample interval (0.5 s between each recorded location) data from the static GPS it was demonstrated how instantaneous errors drifted over time, and that the relative error between two location records was much smaller than the overall error of all the location data (Swain et al. 2008a) . When the static GPS data were subsampled at intervals between 1 and 350 s, the relative error values ranged between 0 and 1.4 m. The temporal relationship between the sample interval and GPS error has received little attention. The results from Swain et al. (2008b) demonstrated that greater precision can be achieved when short sample interval data are used to calculate speed or interanimal distances. The results indicated that to derive accurate movement information (using a distance error of <0.5 m) from GPS data, the sample interval should be less than 10 s. The relative benefits of using shorter-duration intervals between records to improve the accuracy of speed and inter-animal distance calculations for typical animal movement behaviour are less pronounced for sample intervals greater than 1 min (Swain et al. 2008a) .
Resource selection functions (RSFs) describe the selection preferences of animals by monitoring their habitat use; increasingly GPS data have been used to determine RSFs (Dettki et al. 2003; Galanti et al. 2006; Gustine et al. 2006; Lele and Keim 2006; Gustine and Parker 2008; Koper and Manseau 2009; Long et al. 2009 ). The accuracy of an RSF is determined by the accuracy of the GPS data. Very short sample interval (0.25 s between each recorded location) GPS data collected from cattle were used to construct a probability density function describing the animal's speed profiles (Swain et al. 2008b) . These data were used to estimate the probability of an animal exiting a circle of predefined radius within a given time interval. As sample intervals became longer, there was a greater chance that an animal exited a given area. Larger intervals between recorded GPS locations result in RSFs being less able to accurately predict livestock preferences, particularly fine-scale habitat use. Therefore, when using GPS data to study livestock preferences, it is necessary to match the sample interval to the spatial dimensions (e.g. extent, patchiness) of the landscape feature being studied. The interactions between spatial and temporal scales are critical in the design of experiments since a mismatch between the scales of the ecological phenomena and the scale of the observation and analysis can lead to inaccurate interpretations (Nams 2006).
Long sample interval GPS is much less useful for determining underlying social processes, but can still provide useful data for determining spatial separation within groups of herding domesticated herbivores ). Understanding social dynamics relies on a sample interval that reliably captures the interaction between two animals. The ability to define herd dynamics is based on understanding of dyadic relations within a group . Within any study, the choice of GPS sample interval will be constrained by logistical factors such as the number of GPS tracking devices that are available, battery constraints and data storage capability on the device. All these factors limit the number of locations that can be recorded, and these constraints can affect the predictive accuracy of GPS data. The spatial relationships that are being studied should determine the sample interval settings; however, spatial accuracy should not be compromised by a desire to run a longer experiment.
Using GPS data for behavioural classification
While GPS observations enable automated tracking of animal movement, these data are enhanced when the location information has a corresponding activity assigned to it (Cooke et al. 2004; Ungar et al. 2005; Bailey et al. 2008; Guo et al. 2009 ). Distinguishing and classifying livestock behavioural states has received much attention. Harry Stobbs was one of the first researchers to attempt to determine grazing behaviour using automated recording devices (Stobbs 1970; Stobbs and Cowper 1972) . GPS data have been used to determine resting or movement behaviours (Ungar et al. 2005; Schwager et al. 2007; Guo et al. 2009 ). The use of GPS data to determine the transition between behavioural states, e.g. moving slowly while grazing or moving quickly to water, is more difficult. Hence, there is an underlying question of the value of using GPS data alone to determine behaviour. Ungar et al. (2005) explored inference of animal activity from GPS collar data. The study used GPS location data collected in Israel and the USA at 5-min and 20-min sample intervals respectively. In addition to the GPS information, motion sensors collected data on left-right and fore-aft motion. The motion sensor data was collected at 3-min intervals (averaged for the 20 min) in the USA study and 4-min intervals for the Israel study. The researchers also collected visual observations to validate activity determinations based on collar data. In the USA study behavioural states were classified as grazing, travelling (walking or running without grazing), standing, lying, drinking water and consuming trace mineral salt. In the Israel study, behavioural states were classified as grazing (including brief interludes of walking), travelling (without grazing), standing and lying. The USA study apportioned the total number of minutes for each activity during the 20-min GPS location interval, while for the Israel study, a 5-min location interval was assigned to a single activity. If there were multiple activities within a 5-min location interval for the Israel study, these data were disregarded as they represented only a small proportion of the total location interval data. The authors explored the potential for developing a statistical model to determine behavioural state using GPS data alone and GPS data in combination with motion sensors. They concluded that velocities, derived from time and distance between successive coordinates, could not accurately differentiate between resting and grazing activities. The motion sensor information, in particular the left-right sensor data, improved the ability to predict the behavioural activities of the cattle. The authors highlighted some of the problems that occur when using motion and movement sensors to determine behavioural states, which included poor correlations between specific body movements and specific behavioural activities. The authors also raised the issue of GPS accuracy creating uncertainty in the movement data.
A more recent study by Guo et al. (2009) used GPS data collected once every 10 s, coupled with three-axis accelerometer and three-axis magnetometer data from a group of six cows to determine the movement and behavioural states of the cattle. The GPS data provided accurate directional speeds and the combined accelerometer and magnetometer data were used to determine angular speed, which correlated with changes in heading direction. The study identified three behavioural states -resting, travelling and grazing -based on observations of movement speed and angular velocities. In summary, low directional speed with low angular speed was assigned to resting, low directional speed with high angular speed was assigned to grazing and high directional speed with low angular speed was assigned to travelling. The behavioural classification was based on field observations and by reviewing video footage of cattle when they were in specific behavioural states. From these observations, threshold values were determined for the behaviours using 0.4 m/s for directional speed and 90 /s for angular speed. The behavioural states were used within a hidden Markov model to determine transition probabilities, which were combined with long-term prediction methods to derive a behavioural-based model. The model was able to simulate fine-scale localised behaviours as well as larger-scale herding behaviours. While the GPS data were invaluable in determining directional speed, the behavioural parameters could be determined only when angular speeds from accelerometer and magnetometer were available.
Both the Ungar et al. (2005) and Guo et al. (2009) studies demonstrated that while location and movement data from GPS provide important information for behavioural classification, additional sensor data are required to be able to refine the classification. Further development of a broader range of additional sensors provides the opportunity to extend behavioural classifications of domesticated livestock. Even if sensors are used in isolation and can independently classify a behavioural activity without the need for GPS, the GPS data are still valuable in enabling specific behavioural events to be assigned to specific locations. Understanding how behavioural preferences, such as grazing, relate to spatially constrained environmental factors, such as herbage quality, is an emerging opportunity for GPS-based behavioural classification.
Experimental design -using GPS data to quantify livestock behavioural preferences
It is now possible to remotely study livestock movement using GPS, and receive minute-by-minute updates via Google Earth ). Researchers can be tempted to remove themselves from the field and lose site of the important practical issues of running experiments (Hebblewhite and Haydon 2010) . While GPS technology can undoubtedly provide valuable data, there is still a need for robust experimental design. Good GPS-based experiments should provide data to explain how and why animals interact within spatially constrained environments (Hebblewhite and Haydon 2010) . Although GPS units reduce the man-hours required to track and record behaviour, the devices themselves are expensive. The GPS receivers use significant amounts of power and there are constraints associated with battery life and the number of GPS locations that can be recorded (Girard et al. 2002) . Therefore, until the cost of GPS devices is reduced, researchers contemplating using GPS to study the behaviour of domesticated livestock often need to decide on the optimal experimental design that makes use of the limited numbers of GPS devices. Attention needs to be given to sampling schedules that meet the practical constraints of battery limitations, while still providing data to answer specific experimental questions.
With limited numbers of GPS devices, ensuring statistical rigor is a challenge for behavioural-based studies, especially for domesticated herbivores where the experimental unit has to be the group. When using GPS within livestock-grazing experiments to answer behavioural-based questions, the issue of independence is an important consideration to ensure the data can be used to reliably test a treatment effect. Independence can be compromised by social facilitation (Rook and Penning 1991) . Matching the spatial scales of environmental data with livestock movement data is also a challenge as it is frequently interpolated over large sampling areas; however, sensor network data is starting to address this issue (Zerger et al. 2010) , and airborne and satellite-based remote sensing provides an opportunity for utilising spatially extensive data . Within the following paragraphs we explore how GPS data can be used to determine the level of independence between individuals in a group at different spatial scales. We then consider how livestock-environment interactions might be measured within grazing systems, within the bounds of individual animal dependency derived from interaction data.
Social interactions are important for livestock development (Hessle 2009) , to establish safety and for normal biological functioning through reproduction and associated rearing of offspring. In herding animals, such as cattle and sheep, familiar individuals establish groups. It is often difficult to determine the degree of influence between individuals in a group; however, if they are in close spatial proximity, the individuals will exert some level of influence on each other (Boe and Faerevik 2003) . While the number of individuals in a group and the area over which the group is spread might vary, the boundary of a group is defined by the degree of interaction and associated behavioural synchronicity (Bejder et al. 1998) . Social interaction and behavioural synchronicity (social facilitation) mean that individuals from within a group cannot be considered behaviourally independent (Rook and Penning 1991) . GPS provide an opportunity to monitor social and behavioural parameters so that quantitative methods can be used to identify group boundaries and establish when the behaviour of two individuals is independent. Spatial statistics can establish where there are significant changes across a spatial landscape (Bailey and Gatrell 1995) . Particular types of geospatial analyses, such as using a variogram to quantify the behaviour between pairs of individuals located at different distances within a landscape, can be used to explore how animal interactions change from the local (e.g. two animals) to broader spatial scales (e.g. the herd). By measuring behavioural parameters such as speed and direction of movement and determining the extent to which individuals at different distances behave more or less similarly over a given time period, it is possible to determine the distance at which individuals have a high degree of either similarity or dissimilarity. The behavioural data presented in a variogram describe how the semi-variance changes across space. The main structural features for the variogram include quantifying the maximum variation and the range of the variation. The range (i.e. lag) can be used to determine the minimum separation distance where individuals influence the behaviour of other group members. These spatial statistics use location data to describe behavioural-based spatial autocorrelation (Valcu and Kempenaers 2010) . Spatial statistics can be derived from GPS data and used to determine what the group dynamics were during an experiment. However, there has not been sufficient research to determine the minimum number of GPS collared animals required to accurately describe average group behaviours. The group dynamics will vary between species and experimental settings. Further work to quantify minimum sample sizes would enable researchers to deploy GPS collars with the confidence that the data they collect could reliably answer a specific research question.
Tracking data collected using GPS can be used as an explanatory variable in describing the effect of livestock on the environment. This impact of the animal on the environment is utilised in livestock environmental impact studies that use location data in conjunction with an on ground assessment. Work by Betteridge et al. (2010) used GPS and urine sensors to monitor the location of grazing sheep and cattle during urination events. By overlaying these data on a topographic map, they were able to describe those areas in the paddock that had higher concentrations of urinary nitrogen depositions. These data were used to identify camp areas that had an increased risk of nitrogen leaching and volatilisation.
The integration of behavioural data with environmental information to determine environmental impact combines the use of location data with spatial layers describing the environment, typically within a geographical information system (GIS) (Kawamura 2004; Handcock et al. 2009 ). One method for correlating environmental and behavioural information is using a preference index ). The livestock preference index (LPI) aggregates similar landscape or habitat features and expresses the residency time on a proportional basis, and is one of a range of such indices (Hobbs and Bowden 1982) . A LPI of 1 represents a behavioural preference for that type of landscape that is proportional to how common that type of landscape is in the study area. A LPI of >1 indicates the livestock are actively selecting the landscape feature, and that of <1 that they are actively avoiding the landscape feature. Handcock et al. (2009) combined cattle GPS data with remote sensing images to demonstrate preferential selection of particular areas within a paddock that were aggregated based on relative 'greenness' values of the normalised difference vegetation index (NDVI) (Tucker 1979) . The data demonstrated that residency time indicated that the most common selection by animals was for NDVI values between 0.5 and 0.7. When the data were expressed on a LPI basis, the preferential selection was for NDVI values between 0.4 and 0.6, even though these values covered a smaller area in the paddock. In particular, the cattle showed a high (maximum LPI value of 26) preference for areas with a NDVI of 0.4. The NDVI value of 0.4 represented <1% of the total paddock area and was identified as a small clearing that was being used as a resting area. A LPI assessment coupled with behavioural classification not only demonstrates general selection preferences associated with foraging, but can also identify areas that are preferentially selected for a range of behavioural activities including resting.
Conclusions
The current paper was originally presented as the Harry Stobbs invited paper at the 28th Biennial Australian Society of Animal Production Conference. Harry Stobbs would have embraced the opportunities that GPS technology has to offer for livestock researchers. The opportunities and challenges, however, are a double-edged sword. GPS are most useful for studying animal movement in extensive inaccessible environments, which by their very nature mean that experiments are difficult to replicate and the data that are collected cannot easily be validated. Experimental design is challenged by the number of GPS tracking collars that are available due to the cost of each collar and the continual trade-off between sampling intensity and longevity associated with the battery power demands of the GPS receiver. Wildlife ecologists continue to wrestle with these challenges, which points to the need for improved behavioural models that link resource selection via more detailed on ground assessments (Hebblewhite and Haydon 2010) . Livestock researchers have drawn on the lead of wildlife ecologists when using GPS for behavioural-based research. There are certainly still important lessons to be learnt from wildlife researchers; however, traditional field-based livestock research methods might help in determining new direction for animal GPS-based research. Fine-scale (spatially and temporally) replicated experiments that use short-duration high-frequency GPS data can be used to refine behavioural modelling methods. Modelling movement patterns, in particular speed profiles, provides the opportunity to identify optimal GPS sample intervals. Small experiments provide the opportunity to combine several sensors with GPS data to determine specific discrete behavioural events. Large-scale (spatially and temporally) extensive experiments require improved onground assessments that can be correlated with behavioural preferences derived from short sample interval GPS data. The use of landscape preferences and remote sensing provides an example of how this type of approach might be developed further.
